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ABSTRACT

The genus Gypsophila is a member of the family Caryophyllaceae, which also includes carnation (Dianthus caryophyllus). Phylogenetic
analyses of the Caryophyllaceae have been performed using DNA markers, chloroplast DNA, and rDNA sequences. Gypsophila includes
more than 100 species, which are distributed mainly in Eurasia. The long-day perennial G. paniculata and the annual G. elegans are pop-
ular in floriculture. In particular, G. paniculata is produced in large quantities for use in flower arrangements. The molecular mechanism
of flowering has been extensively studied in Arabidopsis, a qualitative long-day plant. Many of the genes that regulate flowering time on
long-day induction have been characterized. Among them, CONSTANS (CO) is a key genetic component of the long-day-dependent
flowering pathway. Recent studies have suggested that at least four CO homologs (GpCOLs) are expressed in G. paniculata. Each
GpCOL contains a CCT (CO, CO-like, TOC1) domain near the carboxyl terminus. Phylogenetic analysis of the CCT domain primary
sequence indicates that the four GpCOLs are Group I CO-like proteins. The expression of two of the GpCOLs oscillates daily, suggesting
a relationship between the GpCOLs and flowering in G. paniculata. Only a few sequences from Gypsophila are available in DNA data-
bases for phylogenetic analyses, including sequences from chloroplast DNA and rDNA, as well as genes involved in anthocyanin forma-

tion. Therefore, additional studies are needed at the molecular and genetic levels.
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INTRODUCTION

The genus Gypsophila belongs to the family Caryophylla-
ceae, which also includes carnation (Dianthus caryophyl-
lus), and consists of more than 100 species that are distri-
buted mainly in Eurasia, such as Gypsophila elegans and
Gypsophila paniculata. The annual G. elegans is used as a
cut flower and for gardening. The perennial G. paniculata,
or “baby’s breath,” is a highly-branched plant with numer-
ous small white or pink flowers that are very popular in flo-
ral arrangements; therefore, it is cultivated in large quanti-
ties year-round.

G. paniculata is a long-day plant; thus, specialized ligh-
ting can be used to prevent rosette formation and to pro-
mote flowering under short-day conditions. However, sub-
optimal lighting can produce poor quality inflorescences
due to early bolting. In addition, during summer, increased
nighttime temperatures can induce flower malformation
(Doi 2006); therefore, G. paniculata is cultivated in cool
regions during summer.

Several cultivars of G. paniculata have been developed
that vary in terms of flowering time and flower color. The
most popular early-flowering cultivar is ‘Bristol Fairy’,
which has high-quality flowers and high productivity.
Among its selections are a late-flowering cultivar called
‘Perfecta,” which shows variation in flower color from

white to pink, and the popular cultivar ‘Red Sea,” which has
pink flowers. The high temperature tolerance of the ‘Magic’
series cultivars is useful because flower malformation is
rare, even in summer (Doi 2006).

As stated above, Gypsophila is important in horticul-
ture; however, information is lacking regarding its molec-
ular genetics. In this review, the current state of molecular
re-search and expectations for the future are described.

PHYLOGENITIC ANALYSIS

Gypsophila belongs to the family Caryophyllaceae, which
also includes carnation. Caryophyllaceae forms the order
Caryophyllales with the Chenopodiaceae, which includes
the horticulturally-important plants spinach (Spinacia olera-
cea), Nyctaginaceae, and Cactaceae. Cuenoud et al. (2002)
carried out detailed phylogenetic analyses of the Caryophyl-
lales based on the sequences of their plastid matK, rbcL,
and atpB genes and their nuclear 18S rDNA sequences.
Most taxa of the Caryophyllales grouped into two main
clades: core and noncore. The Caryophyllaceae are included
in the core Caryophyllales with the Amaranthaceae, and
these families form a well-supported clade. Furthermore, the
family Caryophyllaceae, which includes more than 2000
species, is divided into three subfamilies based on molecular
phylogenetic data (Fior et al. 2006). This family shows
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complex and possibly homoplasious morphological charac-
ters that make taxonomy difficult. Therefore, molecular ap-
proaches using plastid matK and nuclear rDNA spacer se-

quences were used in the phylogenetic analysis by Fior et al.

(2006).

GENES RELATED TO PHOTOPERIODIC FLOWER
INDUCTION IN ARABIDOPSIS

The genetic pathways that control flowering have been ex-
tensively studied in the model plant Arabidopsis. Therefore,
the current state of molecular research is described here re-
garding photoperiodic flower induction in Arabidopsis to
help understand molecular analysis in Gypsophila. In the
photoperiod pathway, photoreceptor- and circadian clock-
related genes help regulate key pathway components like
CONSTANS (CO) and FLOWERING LOCUS T (FT) (Fig.
1). Phytochrome is the well-characterized photoreceptor of
red and far-red light. The phytochrome gene family in-
cludes PHYB, which controls flowering by inhibiting FT
expression (Lee ef al. 2006). Blue light also induces flower-
ing in Arabidopsis. Cryptochrome is known to be the pho-
toreceptor of blue light. The cryptochrome-like protein
FLAVIN-BINDING, KELCH REPEAT, F-BOX (FKF1)
also regulates CO expression, and may function as a photo-
periodic blue light receptor (Imaizumi ef al. 2003).

CO is a key regulator of photoperiodic flowering path-
ways in Arabidopsis. CO senses the photoperiod by recei-
ving signals from photoreceptors and the circadian clock,
and it functions as the output gene for these signals. In ad-
dition to CO, there are many CO-like proteins (COL) in
Arabidopsis. These nuclear proteins, which regulate gene
expression, contain two highly-conserved regions: zinc fin-
ger B-box(es) near the amino terminus and a CCT (CO,
CO-like, TOC1) domain near the carboxyl terminus (Grif-
fiths et al. 2003). The expression of some COL genes is re-
gulated by the circadian clock and may be related to photo-
periodic flower induction. FT expression, which is regula-
ted by CO and promotes flowering, is induced under long-
day conditions, and its signal moves from the leaves to the
shoot apex (Lee et al. 2006).

MOLECULAR ANALYSIS OF FLOWERING IN
GYPSOPHILA

One of the most important factors in the year-round cultiva-
tion of Gypsophila is the control of flowering time. Genetic
variation leading to early and late flowering is exploited in
G. paniculata production. Lighting and heating are also im-
portant in the control of flowering under short-day condi-
tions. To improve the control of flowering in G. paniculata
during cultivation, research efforts should focus on the inhi-
bition of rosette formation, the prevention of early bolting,
the interaction between photoperiod and temperature, and
the reduction in costs. As the molecular mechanism of
flowering in Gypsophila is clarified, breeding and cultiva-
tion methods will be improved.

Recent work of Kanayama et al. (2007) has indicated
that at least four COL (GpCOLI to 4) genes are expressed
in G. paniculata (Fig. 1). Each GpCOL contains a CCT do-
main near its carboxyl terminus. This conserved region may
include a nuclear localization sequence, suggesting that
GpCOL1, GpCOL2, GpCOL3, and GpCOLA4 are part of the
COL gene family. The COL gene family contains three
groups (Griffiths et al. 2003). Phylogenetic analysis of the
CCT domain amino acid sequence showed that the four
GpCOLs are included in Group I, which contains two zinc
finger B-boxes and involves CO. Notably, the expression of
two of the GpCOLs shows daily oscillations, suggesting a
relationship between the GpCOLs and flowering in G. pa-
niculata (Kanayama et al. 2007).

FT plays a key role in the induction of flowering in
Arabidopsis, and FT homologs have been isolated from va-
rious species, including monocots. Thus, Gypsophila is ex-
pected to have an FT homolog that functions downstream
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Fig. 1 Model for the function of CONSTANS (CO) and FLOWERING
LOCUS T (FT) in Arabidopsis and Gypsophila paniculata. CO and
GpCOL play a role in integrating circadian rhythms and light signals,
which are mediated by far-red/red light receptor phytochrome (PHY) and
blue light receptor cryptochrome (CRY). CO and GpCOL induce the ex-
pression of FT and GpFT that promote the transition to flowering under
long-day conditions. Gypsophila SUPPRESSOR OF OVEREXPRES-
SION OF CONSTANT 1 (SOC1) homolog has yet been isolated.

of the Gypsophila CO homolog. By RT-PCR using degene-
rate primers, two cDNAs for putative Gypsophila FT homo-
logs (GpFTI and GpFT2) were cloned from G. paniculata
plant in which flowering was induced under long-day condi-
tions (unpublished data, Fig. 1). The deduced amino acid se-
quences of GpFT1 and GpFT2 have high homology with FT
and their expression seems to be induced under a long-day
photoperiod.

OTHER GENES

A database search using the keyword Gypsophila with omis-
sion of the sequences of microorganisms such as bacterial
pathogens retrieved only 13 registered sequences from the
DNA Data Bank of Japan (DDBJ). Eight of those sequences,
including matK and rDNA, were included in a phylogenetic
analysis. Four of the sequences were enzymes in the antho-
cyanin biosynthetic pathway, and the others were related to
saponin biosynthesis. Because saponin is extracted from
Gypsophila, many biochemical studies have been reported
(e.g. Acebes et al. 1998; Herold and Henry 2001).

In terms of flower color, cDNAs encoding flavanone 3-
hydroxylase (FHT, DDBJ accession number AY515295),
chalcone synthase (CHS, AY309966), dihydroflavonol 4-re-
ductase (DFR, AY256381), and anthocyanidin synthase
(ANS, AY256380) are currently included in the DDBJ data-
base (Fig. 2). These genes may be important in anthocyanin
biosynthesis in Gypsophila flowers. The most popular vari-
ety of Gypsophila is the white-flower cultivar ‘Bristol Fai-
ry.” Molecular analyses of anthocyanin-related genes are im-
portant for genetic engineering and the development of
DNA markers for flower color. These approaches will result
in the development of cultivars with diverse flower colors.

PERSPECTIVES

As indicated by the small number of registered genes in cur-
rent plant databases, molecular findings in Gypsophila are
lacking despite its importance in cut flower production. The
cell fusion of Gypsophila with carnation or Dianthus barba-
tus was previously attempted, and interspecific hybrids were
identified by nuclear rDNA analysis (Nakano and Mii 1993;
Nakano et al. 1996); however, cell fusion is no longer a pro-
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Fig. 2 Model of anthocyanin biosynthetic pathway. cDNAs for Chal-
cone synthase (CHS), flavanone 3-hydroxylase (F3H), dihydroflavonol 4-
reductase (DFR), and anthocyanidin synthase (ANS) have already been
isolated from Gypsophila paniculata. Pheylalanine ammonia-lyase, PAL;
chalcone isomerase, CHI; UDP-glucose;flavonoid 3-O-glucosyltransfer-
ase.

ductive breeding technique. Recently, a random amplified
polymorphic DNA (RAPD) analysis of plants propagated
by in vitro culture was reported (Rady 2006). By the RAPD
analysis, Rady showed that low variation at the DNA level
occurred during in vitro culture when using Gypsophlia
shoot tips.

Future research should focus on the development of a
transformation protocol for Gypsophila. Transformation fa-
cilitates the development of new cultivars and the identifi-
cation of useful genes. To our knowledge, the transforma-
tion of Gypsophila has yet to be reported. Nevertheless,
meristem culture for the propagation of G. paniculata and
regeneration techniques have been established (Doi 2006).
Therefore, the transformation of Gypsophila will be possi-
ble once the optimum conditions for Agrobacterium infec-
tion are determined.
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Molecular studies of flower initiation and flower color,
which have been preliminarily attempted as described above,
are expected to continue during the next decade. In addition,
flower odor should be considered for G. panculara produc-
tion, because an unpleasant odor is emitted by its inflores-
cences. Although volatile compounds and their related me-
tabolism have been analyzed in relation to this odor (Nimit-
keatkai et al. 2005a, 2005b, 2006), molecular data for this
trait are lacking. Furthermore, elucidating the mechanism of
flower senescence will be important for improving the qua-
lity of G. paniculata cut flowers. Hoeberichts et al. (2005)
reported apoptotic-like cell death at the early stages of G.
paniculata petal senescence. Flower senescence in G. pani-
culata is promoted by ethylene; therefore, ethylene-related
genes should be isolated from G. paniculata and inves-
tigated.

REFERENCES

Acebes B, Diaz-Lanza AM, Bernabe M (1998) A saponin from the roots of
Gypsophila bermejoi. Phytochemistry 49, 2077-2079

Cuenoud P, Savolainen V, Chatrou LW, Powell M, Grayer RJ, Chase MW
(2002) Molecular phylogenetics of Carypohyllales based on nuclear 18S
rDNA and plastid rbcL, atpB, and matK DNA sequences. American Journal
of Botany 89, 132-144

Doi M (2006) Gypsophila. In: The Japanese Society for Horticultural Science
(Ed) Horticulture in Japan 2006, Nakanishi Printing, Kyoto, Japan, pp 242-
246

Fior S, Karis PO, Casazza G, Minuto L, Sala F (2006) Molecular phylogeny
of the Carypohyllaceae (Caryophyllales) inferred from chloroplast matK and
nuclear rDNA ITS sequences. American Journal of Botany 93, 399-411

Griffiths S, Dunford RP, Coupland G, Laurie DA (2003) The evolution of
CONSTANS-like gene families in barley, rice, and Arabidopsis. Plant Physiol-
ogy 131, 1855-1867

Herold MC, Henry M (2001) UDP-Glucuronosyltransferase activity is correla-
ted to saponin production in Gypsophila paniculata root in vitro cultures. Bio-
technology Letters 23, 335-337

Hoeberichts FA, de Jong AJ, Woltering EJ (2005) Apoptotic-like cell death
marks the early stages of gypsophila (Gypsophila paniculata) petal senes-
cence. Postharvest Biology and Technology 35, 229-236

Imaizumi T, Tran HG, Swartz TE, Briggs WR, Kay SA (2003) FKF1 is es-
sential for photoperiodic-specific light signalling in Arabidopsis. Nature 426,
302-306

Kanayama Y, Sato A, Moriguchi R, Kanahama K (2007) Molecular cloning
and expression analysis of CONSTANS homologs from Gypsophila panicu-
lata. Acta Horticulturae (in press)

Lee JH, Hong SM, Yoo SJ, Park OK, Lee JS, Ahn JH (2006) Integration of
floral inductive signals by flowering locus T and suppressor of overexpres-
sion of Constans 1. Physiologia Plantarum 126, 475-483

Nakano M, Hoshino Y, Mii M (1996) Intergeneric somatic hybrid plantlets be-
tween Dianthus barbatus and Gypsophila paniculata obtained by electrofu-
sion. Theoretical and Applied Genetics 92, 170-172

Nakano M, Mii M (1993) Callus and root formation from an intergeneric soma-
tic hybrid between Dianthus caryophyllus and Gypsophila paniculata. Scien-
tia Horticulturae 53, 13-19

Nimitkeatkai H, Doi M, Sugihara Y, Inamoto K, Ueda Y, Imanishi H
(2005a) Characteristics of unpleasant odor emitted by Gypsophila inflores-
cences. Journal of the Japanese Society for Horticultural Science 74, 139-143

Nimitkeatkai H, Ueda Y, Furukawa H, Inamoto K, Doi M (2005b) Emission
of methylbutyric acid from Gypsophila paniculata L. during bud opening:
Changes in amino acid catabolism. Scientia Horticulturae 106, 370-380

Nimitkeatkai H, Ueda Y, Inamoto K, Doi M (2006) Ester formation and sub-
strate specificity of alcohol acetyltransferase in cut flowers of gypsophila
(Gypsophila paniculata L.). Journal of the Japanese Society for Horticultural
Science 75, 148-153

Rady MR (2006) In vitro culture of Gypsophila paniculata L. and random amp-
lified polymorphic DNA analysis of the propagated plants. Biologia Plan-
tarum 50, 507-513



